Abstract. Running-in wear experiments were conducted on a spherical-on-disk tester to study the variation of friction vibration under different loads. Variations of friction vibration under each loads were analyzed by time-frequency features. Experimental results show that the amplitude of friction vibration signals gets larger with the increase of load at each moment, which shows the same trend with the friction coefficient and the worn surface roughness. Therefore, the friction vibration can reflect the variation of wear states under different loads in the running-in process.
Introduction
It is well known that the load is one of the major factors can influence the wear state of tribological pairs in the running-in process. Many tribology scientists have paid much attention for years in the development of the influence of the running-in process under different loads from the aspects of friction coefficient, friction, morphology parameters of worn surface and their nonlinear characteristics. Mehdizadeh M et al. and Wei L et al. [1] [2] [3] discussed the influence of the load to the running-in time, and found that the increase of load is propitious to reach the running-in for tribological pairs. Chen L et al. [4] carried out the study of Si-SiO x /SiO2 pair at nanoscale by atomic force microscope under different loads during the running-in process, it is found that the friction increased, wear scar got deeper and the contact state got worse with the increase of load. An EHL line contact model with running-in test were conducted by Akbarzadeh S et al. [5] to research the influence of load to tribological pairs surface, found that the worn surface got rougher with the increase of load. The fractal dimensions of both the friction signal and friction coefficient signal got larger with the increase of load when Li C et al. [6] conducted the running-in wear tests of QT and PEEK under different loads. Guo F et al. [7] , Liu L et al. [3] and Zhang R H et al. [8] discovered the fiction coefficient became larger with the increase of load by different tribological pairs during the running-in process. Liu S Y discussed the friction and wear behavior of SiCp/AZ91D nanocomposites, found the wear rate of tribological pairs increased with increasing of load.
Friction vibration provides information about the features and wear states of the tribology system, which originates from the wear process of the friction pair. Friction vibration signal could be easily acquired in real-time online, and are not influenced in the operating process. Load is one of the most important factor that influence friction and wear state of tribological pair, and a number of tribology scholars have studied the effect of load by friction coefficient, worn surface, etc. However, few jobs have been done to study the effect of load in the running-in process by friction vibration signals in the published works, as friction vibration is a benefit reflection of friction and wear state of tribological pair, therefore, it is meaningful to research the variations of friction vibration in the running-in process with different loads.
In this report, 100Cr6 (ISO 683/17) and high entropy alloy were tested as tribological pairs, in the beginning of this work, the variation of friction vibration in the running-in process with different sliding velocity was studied by time-frequency feature and mean value of time-domain, then it was compared with the change of friction coefficient and worn surface.
Experiments Friction Test
Spherical-on-disk sliding friction and wear experiments in the running-in process under ambient conditions (293K, 45% relative humidity) with lubrication (submerged lubrication with CD40, an ordinary marine lube oil with a density of 0.8957g/cm 3 , a viscosity of 139.6 cSt at 40℃ and 12.5 cSt at100℃) were conducted on a CFT-I tribometer (LKCSTDC, China), as shown in Fig. 1 . The spherical specimen was made of 100Cr6(ISO 683/17) hardened steel ball with a 780.0 HV hardness and Ø3 mm diameter, the chemical compositions (mass, %) of which were 1.01C, 0.32Si, 0.38Mn, 1.61Cr, 0.08Mo, 0.015P, 0.012S, 0.20Ni, 0.23Cu and balanced Fe. The disk specimen was constructed of a high entropy alloy with a diameter of 30 mm and a thickness of 10 mm, it had a 504.0 HV hardness and was made of Al, Co, Cr, Fe and Ni. A relative sliding velocity of 0.100m/s was applied to tribological pairs, the test loads were 60N, 80N, 100N and 120N, respectively. The tests were repeated four times under the same conditions with various experiment continued to ensure a perfect repeatability. 
Methods
Friction moment was measured by the sensor of the tester and friction coefficient was recorded in the form. A triaxial acceleration sensor (model 356A16 ICP, PCB PIEZOTRONICS Company) with a sensitivity of 100 mv/g and a range of ±50 g fixed under the disk specimen was used to measure normal friction vibration. A data acquisition system (PXIe-1071, NI Company, USA) with the sampling points of 4096 and the sampling interval of 0.039 ms was used to store the data of normal friction vibration signals in every 1 min. The disc sample surface topography and roughness were measured several times by laser scanning confocal microscope (LSCM, OLS4000, Japan) before and after the
Results and Discussion
In order to research the variation of friction vibration in the running-in process under different loads, referenced the methods in [9] , through the comparative analysis of reconstructed signals in different frequency bands, it was found out that the reconstructed signals in the range of 11000-12000 Hz show a significant friction vibration and the variation of friction vibration in the running-in process with different sliding velocity was analyzed as follows. In order to research the variation of friction vibration with different loads, mean value of absolute value of friction vibration of time domain was calculated, then cubic fitted with 95% confidence bounds, as illustrated in Fig.3 . It could be seen in Fig.3 (a) -(d) , the amplitudes of friction vibration under all loads decrease firstly, then smooth and stable fluctuated, which indicated the running-in process of tribological pair changed from the running-in beginning to the running-in state-the whole running-in was over. But the stable fluctuant time of different running-in process under different loads were variable, was around 11 min under 60N, nearly 8min under 80N, approximate 4 min under 100N and nearly 2 min under 120N. 
The Variation of Friction Vibration under Different Loads

The Change of Wear State under Different Loads
Friction coefficient can reflect the variation of wear state of tribological pairs. Seen in Fig.4 , the friction coefficient under all loads decrease at the beginning of the running-in process, which means the tribological pairs gets in the running-in wear stage. In this stage, the surface asperity peak of tribological pairs was gradually smoothed, real contact area increased, which indicated the surface asperity contacted steady gradually and the friction vibration got weak. As the running-in process goes on, the friction coefficient smooth and stable fluctuated, which means the tribological pairs gets in the stable wear stage. In this stage, the tribological pairs form an adaptive surface, which indicates the surface asperity contact steady and the friction vibration produced a smooth and steady fluctuation. It can be seen in Fig 3-5 , the prediction of the running-in process under different loads based on friction vibration is consistent with the analysis results of the friction coefficient and worn surface of tribological pairs, which means friction vibration can reflect the variation of wear states under different loads in the running-in process.
Conclusion
In this report, 100Cr6 (ISO 683/17) and high entropy alloy were tested as tribological pair, in the beginning of this work, the variation of friction vibration in the running-in process with different loads was studied by time-frequency feature and mean value of time-domain, then it was compared with the change of friction coefficient and worn surface:
(1) In the running-in wear stage, tribological pairs wear violently and easy to get into the stable wear stage under large load. Both the friction vibration and friction coefficient get larger with the increase of load and easier to reaching the steady and stable fluctuation point.
(2) In the stable wear stage, both the friction vibration and friction coefficient produce a steady and stable fluctuation, and they both get large with the increase of load, which is consistent with the variation of worn surface roughness.
From the presented results, it can be concluded that the friction vibration can reflect the variation of wear states under different loads in the running-in process.
